E&M and Energy Conversion

R.J. Marks Il Class Notes

Rose-Hulman Institute of Technology (1971)
Texas Tech University (1976)



WAVES.

;

p
T
W



0L DAY

UL e ep NevAvioN s A A

Gy i vipe vor QT g )

TRIGUT HAND  €er 0 R D INATE Syl 2

N . AVEAANY AN

T Y

o PR oy [ A
L D ﬁ)c’; A A pRe) 2

¥
SOURCE Ol T

i/ f, / !“f / J"‘) fﬂf ’; }' e

g,
s

d [N

Fi [

7

- ,f) J w o '
/ (I o ('ﬂ) u}f} f':,,;,!i ;;‘;%;4}»;142;8,"-

O _MEASORED COONTEE (Ll cwmetsE

E O M 4 AYALS .

o L WORK. 2 AND g FOR . TOMORROW .

{




o VV /e; Ca) 4 S'/ﬁ « (;f) ) T

v Ao
AN cA «}?)'9 1)
7 7

Ay oan (- h*da, -

Moy B

i

‘ — _— — —— —
¢
7 — e e e




SORCACE  AREA O

T
s ",

 SURTACE VL ook

MA S pp T Fale

A

ey
@y
Ff{)éwp =

5) A ode+a,-

S e A d,




 re (;) slRYACE YEcCTok oM

T T fw " enedod

3777

*::z:”f’?*




CCONSTAMI

S . (% \i; b

cl)) o (d X CL, 3

TGRADIENT N/ = ‘;}%\ ;

— s k” ; 3 \,< Y = [ ;s =
e AL H AR MH e T fff%\ =
CGRADIENT 1S ]

To _aupbACt O = CAOMNITY,

“ads

WETEHORTEST

DrSTANTT 7

W 4

LLJ T

GRADIENT | 1L

©

P

ar RATE _or

(N SREATESTT MAGN T (D
CHANGE WW@@




I B Y B

adh -y

(&) ‘:‘ = 0[ ;,

' TE

!
!
i
i
i
N R e



o b0
TS
pe 4

VAL ey 125

SN AL

oA AL

pheg gt d AT e

(’\’ o

i
(!
AR = TN
RN VT e
i i P e

13
!
-4 . ——— S — S —
c S S . — _—— ~ - - — R e e




AT NEXT TRESDAY , B
REVIE \/ _ ~
. F o Caauss’ Law) -
o F ) o ) B 3 o
b= VeVXE = ]

C sl L CURRENT PDEMAIFY CVoRTE X )

Fop. A

:
RRD T AT LOM A Y S b FD RETATIOMAL (soLEN O Al )r 1L,




i




TS oA Y N

5

[ -

/«f U .
N e /\ (1 A
I

col O MML;;WL,A I

0;3’}7 )

- - N
' — /i; Y = -
A Foo ; - OEFIN T I 1OA
1 SeuE ] 7{/) ‘f;}f[)(/)) m/gfs/a\? /{; Eoed.d  (poviaiid
(,t\(\»i'!-(/\) \)

Cwor j< ) -

o o

Samtt (Mg Ly
[ BV

i
{
(
; !
S U S
| S S e




TH S 7 B
.Y \

NN P R &

w0y o %
'y

A Ten M -

A
Cran LA

\ — -




o

) !3 =y D

Mmﬁ! B

 (asED BOOE. ) IDEA T LS Gt AD

A NG e F M ET LaME -

S ol Y TO R C S . W P Y

‘ o cHAPTYSsS e ET AN N Cepr %,g‘“. AR f@%;}

S —— ; i LA

7 —
{




L =
S S P




,4(
-,( ,,,,,,,
( B e
- — — _ .
T ””””””””” I -
e R S
|
{
{




NN
e !:‘/ =i
— BVRY B
. ,F,jjﬂ.i”‘_uﬁ‘ng_ﬁ_gﬁ;ﬂ




H o o o
e I I o
(S
Loy
{
{ N R . S — B,




MEXT TS OAY - op M oo

MLl

i

[irgee e/ L

y L' li’} { L I\//!fl : ‘«4/("") fo {, \.‘

— T
& E
g
_ _ 9
L
{ B L R !
Al ) BDedl a
MA Cy N

. i D IR W W S Ty S N Ty A e
J— _
.




_ L CRRUILINE AR S aaprb &
o 1
< ~ _—
p— -
: -
i
{
S o ; ] S . -
( ! ) g b b =

. B . ) oy B "
- _ _ I - . .
- o S . _




Doy N T T P .
2 R I N S ST YRR . TR .
3 A0 EE TN AT O 2.9
{\ my ¢ g L X i

] i
e 3 Cod & = A

>y

Vg
ey

A v 3= /U Ay /;fj P
Py By 1D g

o A “ 7 . A
(AyBe=A By ) L+ (48,4, g )&é“‘f‘mx&%f Ay By) k




GIVEN .

AR EAC

kA4 mA






'“"\ PR

D ) N L
ay A B A B AL %A o s S ALBY

b) @, ;v Quvdanttay

@) iy bk P bite + Azj baje + sy, 295)%, (G.d; (A, 4,4 ,9}'7)

s b e @ . A A
P AR s AgBu XA ARy N ALk
PAYBYR O+ Ayp, L

Mem e AL )R, 0 45.02.]
8 5 (@ o

a) (%‘ ) = 5 TR (C) 90 i c(> ) & \5

e fe = 7

b) Sy Ay = 7
zgﬁ(’(é'f

| )iu;,‘g;ﬁﬁ%u,;ﬁﬂ

¥ 3

| IF 4 k=123 ,231 on 310, .
—
) 2D
O fFaopr e e ) “

o g

- ;e ¥ o P e P
| e Apk=321,213 08 (372




e CA,‘,A:!,“A
{

* (B,

N
AX&I

18T et

- o -
Ax ‘;%i =
4 H:! ol P

)




o é;; }? 2 ) b ) C, 9! "

g . C‘ ‘
é Jys (J m !)k j - ‘5,,,1 m cf m Ocﬁ* ¢

S2EN
Tl

§ o




;’
A
A MG
_ N Cw\
7
¢
{ :
{
e S
{ “y 4
&2
/I

i ,,,___wA;MQJ_\L@A@,L,,WM_&_W__,A“,,W_mm

CLASS _To  BEPsECTIONED - coT AFETERNOOAN _SECTION

{
{
i
{
.
- i,M, I S o e o .
{




pel” D B e = b P P z\\i(@ (Y = (seiEelhl o450 ) B
B ' N =

=KC el

- s

ver 3= 4 (M /ﬁl ) M= X H cspreias casey .
m . - N
wﬁkgv__;j\ﬁ,[;% Tnyf{z o ( . / ,i ){ 0 /} H - i e

e

VXD

( | e
{ E (po_3-16) (2.2 = o) e o Al EFEEC 1,,>
4 = S I ,M,‘/ et AR S LI 5 U R N S S N S S A —

ot

S

B R . - o
I e _
I e e o
~ L .
- N e
- e o . o
— . S

{

{
t .

L -




-
|




o = )
- NES (?\J)Qw“‘f)”tﬁg,“"“(? ?’Wx*&
- = .,3 /\ﬁ\}( /,C/ 2t ﬁii*
Y . S e *2\/ AR
| ’ )< d/) E%P{ ‘)«\’
7, P = R . )
M T
( X )
- . PRap

= l\_} - -

: 72

I VAN 0 H hea
Iy /Z i Nl =g, 0

( ( g‘\& ﬁ 1 ({ H —zf’ et A L2ST G T RO M IS et s ;;)
| \ // W THE GAP Loy =, g (=Bm) o

4 = Hy b, + /m/@ﬂ D == ’“/mjé? N I
,( o lor ), = féﬂi’ﬂj’jw’{’ Moy =10 Hy,

; TWo ANSWERS FopR EACH

. PART, Dipe MOING 0 A i
CORR EMT D)RECT (ON
- oz =40 5> Bry= tra s 557

{

{

{

{

{

(. o

gy - S




i? (X x')QyE’H"’ ;{u + (= ““‘?”3ugw/€c’

5
[

\ i

@f% Lo =1 ohx Cj z? . —

‘," \ﬂﬁz

K (0~ i, +varo-

[

?B} E =T = Oy

H 2 ¥ ¥ H éfg =0

) ] VEY ,,
\ )8 (),ﬁ B,

j & } 7\’5\ ( J:{ {'“"’ . / Vo AMpST G ET FaROM IS e ;;)
\%WMJ} TN THE cAp Loy =, (=B, \ -
= Hyy Loyt Hy L = = e ;%’5 Ge- g )
\ =5 [z Aol /ﬁ’m = (AT X?f,?§f 250 =10~ H,
v ( B TWo ANSWERS _Fofr EACH
Nt PART, D p e NDING o A
) j/ %\ / CORR tNT DIRECTION
: . ‘z - !"/ﬂ? = YO 7> fam é/?Tz‘f Yol 5 Mé A
N\ * .
AN




V?CDN W MmAC NE
)

T

C 1o ELp

Hd/)

%f\%

] ;

ﬁ Wﬁffszﬁ#a K? &ﬂﬁ

E:w o T

” q / Ho

FoRr

o s‘éC; H(f }’;;MJ’“A
14@ }’%“

I [ 1

)/ VAL

=

e
T e

Lo
Frep

af  Jed
O iy A,/i‘n 8

i e
JIE: TSN .
) ot
L) p e

Vi
(=
AW

L CHApGE 4

AND ¢ [< =

s sa s

AT

lon

~ Mor e AT

(D COEY

(ol o

NN

ST

Lo
N

TR DR

Elﬁf”/(@/)ﬂ?,

KL

Lot &

/{f“k

S (OR CHAREALS

(;\r(\/

ALl DARE

L(}? ULV ALl pf T



TS,

FTELT oM b

7 o




UxAe0+ o

{
¥ ¢ i3
v FEAEAY - E : B / %
\ “"\\\ (!{ /3' ')“/“i‘ 'll //; (/' \\(/ “\ ! f
e
\ Loyl / b P
L PN
;J \‘ £ } . {}\ ; - [l L. /,/kg‘ - (“,;,‘,!)’z ‘,;\ ' : ‘[) 3
RY, A N * o
k\ / R 1y /i / i ; ;’/ (/’ y £ v
7 - T L h - o 77 f
: [ i e S
, A { ("//\ ; B ;1
CHALY 4, -
gl H = Vb =0
7 XE = g,"_, VAH=29. 4 &e Vb

PeoNS. 0F GHARGE [P oM_mAxlbl

R D’,{g L v \/-+"?g.§“‘=._o
- V’B;O 6:?3\'“ - -
VX = = (UiR )
v K_CESZ i_ )= 0O
L-.'-'_"" F.':"‘ = -'!7;154 -
= € =2-"VP+ §T
FeoRr NONMN~TIME ARYING
) o = L
qS ;ﬂfﬁT& / RAV _anw A -’—zm,/’z"b/l/
V*VXE—AQ-# CEKLZ':M_ J * e 'zf"? )
B H =~ L =eE
# - - JJ

,‘
WW _..-._.7__:
C V*e

r-; | s 2(/

CL.R:~Gc) T

[ ms'_c_—'_ ::.C




Aeld  Tro

3'-1")(;4

WATTS

pPwl  ELow /,q’- = m{

%, ,%/'%L—&

Ki—wl_ aoLt Q;‘i fffff —

HQA&L‘*‘%M & Cor /& .

K =73 = 'Eﬁ' Aen AM%MM%

. —"l'—~Fe 2
- —SAJlElJ-/ A &Wk&mﬁwt d’é
| = = A AT ~

L~



R AR Y A(49
) SIM/LA-fiLLY.‘ S Ave = - )(H#)
= /‘32 & @:E”e. M/<4,‘7>Zé%‘“m@ﬂry
?MON
D&
Wkl oy 10 .6

SET WAVE £Q ~RESTRICT IT ~FoR SINUSOIDAL

~pMosT ecENERAL solOTiIoN ~




M MO OE
f Y

e










N
el




& ELECTRICAL ENGINEERING SCIENCE

(<]

In magnetic circuit problems where the length 7 and the eross-sectional
area A of the flux paths are well defined, it is convenient to define the
reluctance of the magnetic path as ' :

R = % amp-turns/weber (8.61)

The reluctance ® of a flux path, the mmf N7 which causes the flux,
and the flux ¢ are related by .

00N

= — . $y)
¢ ) webers (3.@)
The induced emf caused by a changing magnetic flux is given by
_ _4d¢ 1
95 &-ds = i volts (3.63)

If a conducter of length ! is moving with a velocity u perpendicularly
to a magnetic field of flux density B, the voltage induced between the
ends is

v = Blu volts (3.64)

. The energy density of a magnetic field is
U=3H-B joules/meter® -~ (3.65)
For an electromagnetic wave, the velocity of propagation is given by
u = 1/ e meters/sec (3.68)

The ratio of the electric field intensity to the magnetic field intensity
in a plane electromagnetic wave is

—?— = \/E ohms . (3.67)
< €

PROBLEMS

3.1. An electron is traveling parallel to a straight, current-carrying conductor. If
the speed of the electron is 10° meters/sec and the current in the conductor is 50 amp,
what force is exerted on the electron if it is 10 cm from the wire? (The charge of an
electror is ¢, = —1.602 X 107° coulomb.)

@ 3.2. Consider an zyz coordinate system. The electric ficld is known to be zero in
thistest. An electron is projected through the origin at a speed of 2.00 X 10% meters/
sec. I itis projected in the direction of the x axis, the sidewise acceleration is foun‘d
to be zero. If it is projected in the direction of the positive ¥ axis, the acceleration is
found to be 1.78 X 107 meters/scc? in the positive z direction. What are the diree-
tion and magnitude of the magnetic flux density B at the origin at this moment?
©3.3. Refer to Fig. P3.3. A nonmagnetic insulating disk is inclined with its axis a3
an angle 9 to & magnetic feld B and is rotating at an angular speed of w rad/uce. <

et ik et oheet
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point charge ¢ is l'oc‘ated on the periphery of the disk. Find the instantaneous torque
when the cherge Is in positions 1, 2, 8, and 4. The radius of the disk is . Note that
the torque tends to turn the axis of the disk into line with B.

2

B

F1c. P3.3. Charge rotating in magnetic -
field.

Fic. P3.4. Hall effect.

@ 3.4. This problem concerns the Hall effect. Consider a solid body such as that
shown in Fig. P3.4. The substance carries a current density J, and is subjected to a
magnetic ficld B,. The sketch shows the effect if the current is one of negative charges
(i.c., clectrons). The magnetic field deflects the moving charges downward, thus
charging the lower face negatively and leaving the upper face with a positive charge.
This produces an electric field in the negative y dircction that, in equilibrium, annuls
the deflecting effect of the magnetic field on the charge carriers.

(@) Show that, if the current is that of positive charge carriers (i.e., holes), the elec-
tric ficld is opposite, i.e., in the positive y direction. o

(&) The Hall coefficient is defined by Ry = §,/J.B.. Assume that all the charge
carricrs are alike and that each has a charge ¢ (positive for holes, negative for elec-
trons). The number of charge carriers per unit volume is M. Express Ry in terms
of g and N.

(¢} For copper at room temperature, Ry = —5.5 X 10~1 volt-meter?/weber-amp.
The clectronic charge is —1.602 X 10~1% coulomb. Compute the number of free
electrons per unit volume. Compare this with the number of atoms per unit volume
as computed by Avogadro’s cumber, which is 6.02 X 10% atoms per gram atom; i.e.
the- number of atoms per gram of a substance is 6.02 X 10% /4, where A is the a.tomic;
weight of the substance. The atomic weight of copper is 63.6, and its density is
8.89 grams/ems3. : '

(d) The Hall coefficient for zine is positive. What does this fact suggest concerning
the charge carriers in zine? L

'

Fluorescent screen

B normal
to the paper\i

Frc. P3.5. Magnetic deflection of electron beam.

- . '
< 48 st cathodeeray tubes the deflection of the beaem of electrons iz zecom-

1o feld; in others, by & magnetic Seld.  Figure P3.5 shows the
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If the electrons enter the region of the msgnetic field with &

magnetic field scheme.
velocity of 22.9 X 10% meters/sec, determine the magnetic fux density B thet is

required to make the bearn emerge at an angle of i0°.
3.6. Consider two parallel wires of diameter mauch smaller than d, the distance

between their centers. Suppose that the current carried by the wires is 5000 amp in
opposite directions. If the spacing between them is 0.5 meter, celculate the force in
pounds between two

10-meter-length sections of the wires. (One pound is equivalent
to 4.448 newtons.) Is the force one of repulsion or attraction?

3.7. In the d’Arsonval meter of Fig. P3.7, the poles of the permanent magnet are
shaped around the eylindrical iron core so that there is a uniform, radial magnetic

4

- | Axis of rotation
of coil

i
I
i
1
i
1

Coxl-\ rz»!
T

il Cylindrical
|| oore
1 ".l‘ .
s ottt

=

Permanent
magnet

Stationary

cylindrical

- iron core
Fic. P3.7. D’ Arsonval meter.

|
i
!
1
13

The rectangular coil has N turns and aradius e. The magnetic

The coil carries & current of  amp.
on for the torque tending to turn the coil.

(b) The coil turas against a spring that resists rotation with a torque 3 = %6, where
% is the torsional spring constant in newton-meters Jradian-and 6 is the angular deflec-
tion in radians. Write the expression for the equilibrium value of .

3.8. A uniform magnetic feld with a density of B webers /meter® emerges through a
small plane area of 4 meters?z. The angle between B and the normal to the area is &.
Write the expression for the magnetic flux ¢ that emerges from the surface.

field Bin the air gap-
feld acts over a neight h.
(a) Determine an expressi

Ly Ly

|

/

e

Fommromen 3¢ |

~

-

<
Fre. P3.9. For the computation of magaetic flux.

'3.9. Figure P3.9 shows two views of & rectanguler
Through this surface emerges & maga

aree of width w snd height &5

eiic Aux that hes a density B = 1/4/1 3%

7 B
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%, sngle between the vector B and the normal to the yzplaneis 6 = cot™! y. Deter.
wune the expression for the magnetic flux ¢ that emerges through the surface

.
B T A
I P B

F1c. P3.10. For the computation of torque.

3.10. A rectangular -turn of wire has dimensions % and w, as shown in Fig. P3.10
and carrics a cuArrcnt z. Thfz coil is placed in a uniform magnetic field so that .the;
ve((:tc;rll)?» imik(fs an ]:ngle ¢ with the normal to the plane of the rectangle

a) Determine the expression for th he
e S, the torque that tends to turn the rectangle at

(b) Express the result of part a in terms of i
e . s of the magnetic moment of the current-

(c) A small bit of ferroma i i

) gnetic material of volume V has a uniform magneti
s et1
polanza_tlon M. -Use tht.z results of part b, and discuss the torque that the %’erro(-:v
mség:;txi body will experience when placed in a magnetic ficld B
.11, A typical sample of iron is fairly well saturat et :
ed magnetically at B = 1.6
webers/'mcterz. Take H = 8000 amp/meter? at this value of B. Compute thc:
ma’gnetlc }'nom.ent per atom. Seec Prob. 3.4 for Avogadro’s number. The atomi
we;gft of iron is 55.85, and its density is 7.87 grams/cm? °
.12. The flux density in a certain substance 1 ,

) 3 5 e is 1.0 weber/meter?. Calculate the
magr_letxc field xx?t_ensny H and the magnetic polarization M if the material has a
relg.tlve ?ermcnbxllty of (a) 1.00002; (b) 4.0; () 10,000.’ 4

.13. Find the exact expression for the total ti i A
m : -
o e by s, agnetic flux threading the‘ tozmda]

Toroid
permeability s

uniformly wound }
with NV turns ay
of wire - S
. Lo 30
1 -
1 meter
Il T rr 2
! j“ R 30°
. i w
Lis ISy up

Fra. P3.13. A thick toroidal core. F1a. P3.14. For the calculation of forces

between two moving charges.

pliiif%}?: partlcl:l_lar instant of time, two isolated electrons are travelling in the
e Pag?r m.th velocities w}_xose'magnitudes are 3 X 107 meters/sec for each
-t pﬁti :ectl:)n: are shown in Fig. P3.14. Compute all of the forces exerted
ot tete? cac};es at that instant, including gravitational effects between each other
rh e cac! ‘020 ‘anfl the carth. The electrons are near the earth’s surface.
Ty &:‘r O;ljsas \.;‘:f and the.mmf law, show that, if there are no electrical forces
— focus | orm cy‘lmdrxcal beam of charged particles moving with s
“eeity, then this velocity must be the velocity of light.

t
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@38.16. Figure P3.16 shows a d-¢ electromagnet in which we wish %0 obtsin s fSux
density of 1 weber/meter® in the sir gap. Let g = 0.25 in. Assume that the stec)
core has infinite permesbility. i

Fra. P3.16. For the design of a d-c clectromagnet.

(¢) How many smpere-turns are required on the coil?

() The “window’ has dimensions w and k. Assume that half the arca of the
window 1s filled with copper, the remaining arce being insulation and air spaces. A
conservative valuc of current density in the copper is 1000 amp/in.*, What is the
required arca of the window?

(¢) From the results of part b select values for the dimensions w and h, and estimate
the “mean length of turn”’ for the coil, i.e., the length of one turn of & conductor lying
at the middle of the coil. Compute the electric ficld intensity in the copper and the
voltage required for one turn. (p = 2.0S8 X 1078 chm-meter at the reasonable oper-
ating temperature of 70°C.) The coil is to use 80 volts d--. How many turns are
required? What is the cross-scctionel area of the copper of one wire? What will be
the current in the coil?

{d) Make & detailed check of the coil design s follows: From the table of wire gages
in Appendix C, select the standard wire nearest to the one computed in part e, Add
0.003 in. to the diameter for enamel insulation. Assume that the width of the wind-
ing is the dimension A minus 0.5 in., and compute the turns per layer and the number
of layers required. Compute the “build” of the coil in the dircction of the dimension
w, assuming 0.060 in. pressboard under the coil, 0.005 in. paper between each layer,
and a wrapper 0.020 in:. thick. The calculated build should lie between 0.73w and
0.9w. The latter imit allows for 10 per cent “bulge” in winding. If the first wire

- size that you choose does not work out properly, choose another and try again.

8.17. Refer to Fig. P3.16. Ictw = 3in, & = 8in., g = 0.25in., and assume that
the core has a constant permeability of 400u,.

{a} Compute the (approximate) mean length of magnetic psth in the core.

(3) Compute the reluctance of each of the two parts of the magnetic circuit, neglect-
ing leakage flux and fringing at the gap.

(¢) The coil has 2000 turns of wire. What current is required to produce a mag-

netic fluX of 5 X 107% weber across the gap? .

2.18. Refer to Fig. P3.16. Let w = 3 in., k = 6 in., and g = 0.10 in. The coil

000 turns of wire. The B-H relationship for the steel of the core is given in the

1.4 l 1.5v| 7
1280 | sss0 | e300

1.7
414 >

———

iy
gf’
54
g
s
el
:
:
(e}
-y
[+2]
o
2
(i)
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(d’ omput(‘. the (np,)roximnte) mean ICIlgth of the magnetic ath in the cO

[ ) ) g iC Pr L Te

h) .\(‘;{I(‘('L lvukngc flux and frmp;ing at the gap. For each of the values of .B i
mn

the table, compute the magnetic flux ¢, the tot i
: rncti y tal mmf required ic cir~
cuit, and the current required in the coil. ¢ by the Taagnetio elx-

(c) Plot flux ¢ versus current 7 to scale. N
the beginning, often termed the “air-gap line.”

@ 3.15. A permanent magnet, such as the one sho i 1
: s : wn in Fig, 3.
path 25 cm long in the magnetic material. 5 2L, be

ote the linear portion of the curve at

S a magretic
The B-H curve of the material is given in

B, webers/meter?

] !i -
/fl.z [/ L

1.0
/ 08
0.6

/ o ‘ L
1 * /
]

2 T — L
4]
-6  -40 =20 0 20 40 &0 20 oo

H, thousands of ampere-tums/meter .

. Fra. P3.19. B-H curve for an Alnico steel.
Fig. P3.1_9. ‘Ni?glcct leakage flux and fringing at the gap
flux density in the air gap for gap lengths of '

(a) 0.1 cm %) 1em () 2em
€ 8.20, With the i
. permanent magnet of Fig. P3.20 we wish to rod i
' : I . P3. uce a fl ;
:fitl}iv webers/meters in the air gap of area A, and length i, a.rz)xd we wishlz:) (cli(z)n:;fy
ot & flermancnt magnet of minimum volume. The permanent magnet hag a ero .
ional area A and a length 1, that are to be sclected 80 that the volume 4 l isss;
. mve

Iron pole plece

and compute the magnetio

T
% %/////
Permanent 41" I T 1 *
magnet gT l!‘ }m 2t .—il )
.;'l;‘.lll‘ —;'E
//7//
A -
. A !

lron pole piece
L Fia. P3.20. Design of permanent magnet.
dmum.  The iron pole pi it

3 ‘ pieces m infini ili

-\f(;;l)cc:}waknge o IS ringie o tiebgea ;onsxdered to have infinite permeability.,
Show' t - ) ’

il Siér};lw " Bﬁl,A?/poB,,JIm, where B, is the flux density in the perma-

=t = 18 the (negative) ficld intensity in the permanent magnet. Thig

¥eten showg th iteri ini

o 8t the criterion for minimum “Aml is that the product —B Habea
Ni fledes 1o the & |

. e Haolly curve of Fi -

Tt g s of the gy 0 thqug. P3.19, Plot the product —BuH. versus

e - second i i
o 4 B and 37 watisty the coonion os ;:‘ nq:;dmnt. ?‘or this material, what

t
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(¢) Given A, = 10 cm?, [, = 0.25 cm, and B, = 1.2 webers/meter:. Determine
Am and ln., sssuming the material of Fig. P3.16. '

(d) If the area determined in part ¢ should be increased by 50 per cent to take care
of leakage flux, determine the proper diameter for the cylindrical magnet.
©(3.21. A sectional view of a loudspeaker magnet is shown in Fig. P3.21. The dizme-
ter of the circular poleis 5 cm. The radial length of the gap is 0.20 ¢m, and the thick-
ness of the rectangular steel structure is 1.0 cm. We wish to have & flux density of
1.3 webers/meter? in the gap. The permanent magnet is to operate at 1.0 weber/
meter? (see the B-H curve of Fig. P3.19). The steel pole piece and the rectangular
structure may be assumed to have infirite permeability.

(a) Neglect leakage flux and fringing at the gap, and determine the required length
and cross-sectional area of the permanent magnet.

(b) If the area determined in part a should be increased by 50 per cent to take care
of leaksge flux, determine the proper diameter for the eylindrical permanent magnet.

magnet 7

F1a. P3.21. Sectioned view: half of mag- Fic. P3.22. Effcctive arca to account for

 netic structure of loudspeaker magnet. fringing.

3.22. When the length of an air gap Is appreciable compared with its breadth and
depth, there will be an appreciable fringing flux at the edges of the gap that should
be included in the total flux. The additional flux can be taken into account approxi-
mately by imagining that the breadth of the air gap is increased by the amount indi-
cated in Fig. P3.22, where the dotted lines are semicircles. Given a gap of 1 cm
length, compute the ratio of effective area of the air gap to the area of one pole face if:

(a) The pole pleces are circular with a diameter of 5 em.

() The pole pieces are rectangular with dimensions 5 by 100 cm.

Coil 1 (N;turns)

Coil 2 (Nzturns)

Fia. P3.23. A transformer. Dimensions are in centimeters.

8.23. (o) For the transformer shown in Fig. P3.23, calculate the reluﬂw:&f
flux set up by current flowing in the N; turns. Assume & constant permeats=t

o2 = 200080,
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(b) If the current through the primary winding incresses linearly with time accord-
ing to the law 7 = 0.1{ amp, where ¢ is measured in seconds, calculate how large the
product NiN: must be for a constant voltage of 1 volt to be induced in the secondary
winding.

8.24. The ring shown in Fig. P3.24 has a constant permeability 4. The mean length
of the magnetic path is [, and the cross-sectional ares of the magnetic pathis 4. The
v;ir(? that goes through the opening of the ring carries a current i that is a fl;nction
of time.

(@) Determine the expression for the magnetic flux ¢ in the ring as a function of 7.

(8) Determine the expression for the voltage v induced in the N-turn coil. ’

(¢) Let ¢ = I, sin wt, where ¢ is time in seconds. Determine the expression for »
as a function of time. Sketch both » and 3 versus ¢.

U~
N turns

Cross-sectional
aream4

F1e. P3.25. Transformer with toroidal core.

Frc. P3.24. Induced emf.

3.25. Refer to Fig. P3.25. A voltage v, = V., sin wt, where ¢ is time, is applied to

a coil of N; turns which encircles a high permeability toroid. Assuming that u is
constant, and neglecting leakage flux, calculate: "

(a) The exprcss_ion for the flux threading the coil as a function of time
(b) The expression for current 7 as a function of time
(c) The expression for v, a8 a function of time

Sketch vy, v;, ¢, and ¢ versus time.

_2.26. The s}cetches of Fig. P3.26 show an instrument used in measuring the vibra-
tion of machines. The magnetic flux density in the gap is B = 1.0 weber/meter?,

Iron ‘
Coit '

Motion, x
v o JPRE

Permanent. 1 j \ @

Vibrating body

Side cross section Front view of magnet and
resulting magnetic field

Fra. P3.26. Vibration pickup.

T e ] ;
g :;if bag 20 tl.ms.axzd a diameter of 3 em.  If the motion of the coil is z = 10~3
-7 ester, what i the voltage induced in the coil?
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3.27. The phonograph pickup of Fig. P3.27 has an N-turn coil of zrea 4. The

permanent magnet supplies a uniform magretic field of density B. The sidewise
motion of the stylus rotates the coil.

RIS
Fia. P3.27. Moving-coil phonograph pickup.

(a) Determine the expression for the voltage induced in the coil in terms of 4.
What does this expression reduce to for small 67
in terms of z (z K I).

®) Let N =10, 4 = 0.10 cm?, B = 0.3 weber/meter?, I = 0.7 ¢m, and z = 1073

in 2xff cma, where f is the frequency of the sinusoidal signal in cycles per second and
¢ is the time in seconds. Determine the induced voltage as a function of time for
J = 100 cycles per second (cps), 1000 cps, 10,000 cps.

(¢) For the data in part b, what is the induced emf in millivoltsfor an mst.‘ntaneous
stylus velocity of 10 em/sec?

Write this approximate expression

41(2)

—10amp
gem /N /T
© -
o’ — :
Period-
Tem - L__5cm__l 3770 esoosec

Fra. P3.28. Voltage induced by changing current.

3.28. A current of 10 cos 3770¢f amp flows through a thin wire as shown in Fig. P3.28.
Calculate as a function of time the voltage which is induced between the terminals of
the rectangular coil. Sketch v versus ¢.

3.29. The sketch in Fig. P’3.29 shows a parallel—plate air-diclectric capacitor.
Neglect fringing effects at the edges.

(@) Assuming that a charge ¢ = Q sin ot is uniformly distributed on the top plate
with an equal and opposite charge on the bottom plate, determine the displacement
current through a circle of radius  and the resulting B around the circumference of
this circle.

(d) Considering only the electric flux (neglecting the effect of the magnetic flux),
find the voltage across' the capacitor. Evaluate this numerically for @ = 5 c¢m,
d = 02cm, Q = 45 X 107° coulomb.

(¢) Find the induced emf around the path 12341 by, £ * ds, as caused by the mag-

petic Alux. Evaluate this, using the data in (b), for frequencies of 10¢ and 10% cpe
What conclusions can be drawn?

St ARyt e L

L
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I S Y

d

—_—  TTTE3F

P Fic. P3.29. Effect of displacement current.
3.30. The betatron sketched in Fig. P3.30 has cylindrical pole pieces. A magnetic
flux density of B webers/meter? is changing at the rate dB/dy. Neglect fringing flux.

It is observed that a charge placed in the air gap experiences a force even when it is

not moving. What are the magnitude and direction of the induced electric field
within the gap at a radius r?

B—e
{increasing
downward )

. Fia. P3.30. Betatron. bl

8.31. The top sketch in Fig. P3.31 shows two resistors connected in a sxmple circuit.
A magnetic flux within the loop is changing at the rate of 1 weber/sec. A high-
impedance d-c voltmeter is connected successively in the three posmons shown.

State the reading of the voltmeter in each of the three positions, and give the reasons -
for your answers.

‘i—d’-l weber/sec . T
(increasing ' .
downward

! ) ;
700 300 into the paper)

FrG. P3.31. Induced emf.
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3.32. This problem is similzr to Prob. 3.31, except that the lower conductor
lIooped around the flux as shown in Fig. P3.32. Four high-impedance d— volimeters
are arranged as shown. State the readings of the meters, and give the reasons for
your answers.

97-? =1 weber/sec (increasing
downward into the paper)

300 @5

Fic. P3.32. What do the voltmeters read?

8.83. (a) A circular thin sheet of nichrome of resistivity p is suspended perpen-
dicular to 2 magnetic field which is changing at the rate of dB/d¢ webers/meter®-sec.
Sketch the direction of the induced electric field at various points in the sheet and the
paths of the resulting currents (often termed “eddy currents”). Calculate the
magnitude of the total induced current. Assume that the resistivity of the sheet is
large, so that the induced currents are correspondingly small and do not affect the
value of B appreciably. (See Fig. P3.33.)

v V2

[
—
B
{_

|

Uniform field B
increasing at the
rate dB/dt

F1c. P3.33. For the calculation of eddy currents. -

t

(b) I the sheet is free to turn, what will be its steble equilibrium position?

(¢) What will be the stable equilibrium if B isin the direction shown but is decreas-
ing with respect to time?

3.34. Given & toroid with a mean length of magnetic path [, a cross-secti?nal area A
normal to the magnetic flux, and a permeability . The toroid is wound with N turns
of wire that carry s current of ¢ amp. Obtain an expression. for the energy in the
magnetic field of the toroid. ) )

8.35. An electromagnet is shown in Fig. P3.16. The length of the air gap is one
one-hundredth the length of the flux path in the iron. The relative permeability of
the iron is 5000. Calculate the ratio of the energy stored in the air gap compared
with that in the iron. '

<ok

B
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3 26 Consider two parailel pole faces, each of area 1 meter? and located 1 em apart
= =i, In the gap between the pole faces, the magnetic flux density is B = 1.6
ectwrs/meters.  Compute the energy stored in the gap. How high would this
coergy lift a 1560-1b man?

3.87. (a) Consider two plane parallel pole faces of area A, located a distance =
apart in air. The magnetic flux density is B. Neglecting fringing flux, write the
expression for the energy stored in the gap.

(b) The distance between the pole faces, z, is increased by the small amount Az.
The flux density B stays the same as before. Write the expression for the increase in
stored energy. From this, deduce the expression for the force of attraction that exists
between the pole faces.

(c) Compute the magnetic force of attraction between pole faces 1 meter? in area, if
B = 1.6 webers/meter?. . .

(d) Repeat the foregoing problem for the energy stored and force between two
insulated plates, separated by air, that have an electric field of intensity & volts/meter
betwecn them. Evaluate the force for plates of 1-meter? area if § = 3 X 106 volts/
meter, which is the approximate field intensity for the breakdown of air at standard
pressure and temperature. )

3.38. For the plane wave shown in Fig. 3.32, show that there is a rate of energy flow
per square meter equalto e

P=8§XH watts/meter?

(Hint: Begin with the expression for energy density, and note that P is the product of
this density and the velocity of propagation.)

3.39. What is the time of travel of a radio wave in air, expressed in microseconds
per mile? :

3.40. A certain radio wave has an electric field, measured at a certain receiver, of
& = 5 X 1073 sin 2zt volts/meter, where the frequency is f = 10¢¢ps. The §and H
vectors are normal to each other and to the direction of propagation, and the ratio of
&to His v//e just asin Eq. 3.52.

(a) Write the expression for the magnetic field intensity as a function of time.

(b) A rectangular loop antenna with an area of 0.02 meter? and 20 turns of wire is
oriented with its plane normal to B. Write the expression for the emf induced in
the antenna. . .
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43
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59.880

TDEL =  0.400
START =  0.000
PERIOD = 164700

ENERGY CONVERSION
LAB PROJ. 2
FOURIER ANALYSIS

MS
MS
MS

CFA
-0.487336E~-01
0.439136E-02
0.329058E-01
-0.,288442E~-03
0.750955E-02
-0.230704E-02
0.866322E-03
0.520541E-03
0.137384E-02

0.180613E-03

EXECUTION TIME 0283

CFB
0.275391E 00
~0.537465E-02
0.376387E-01
~0.240293E-02
~0.593965E-02
0.266643E-03
-0.338009E-02
0.668234E-03
~0.317104E-02

0.106478E-03

MAG
0.279670E 00
0.694053E~02
0.499946E-01
0.242018E-02
0.957459E-02
0.232240E-02
0.348934E-02
0.847054E-03
0.345585E-02

0.209664E-03

ANGLE
100.03
~50.7T4

48,83
-96.84
-38.34
173,40
-75.62

52.08
~66.57

30.52

FREQ/HZ

59.88
119.76
179.64
239.52
299.40
359,28
419.16
479 .04
538.92

598.80

PERCENT
93.223
2.313
16.664
0.806
3.191
0.774
1.163
0.282
1.151

0.069
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"PRUGRAM EE’

000002 DIMENSION
000002 COMPLEX Sy,
000002 WRITE(5,19
000006 READ(2420)]
000014 READ(2,20)I
000022 READ(2,20)
000030 READ(2,20)
000036 READ(2,20)
000044 READ(2420)
000052 READ(2,20)1
000060 READ(2,20)]|
000066 FM=0.0
000067 PMAX=0.0
000067 R=10.##(1.,,
000075 XL1=XL1SC/
000077 XL2=xL1
000077 XL12=XLIOC
000102 TPI=8.#ATAl
000104 ND=(25.%D)-
000110 DO 90 J=1,!
000114 S=CMPLX(0.¢
000117 AL=RG+R1+S"
000130 A2=-=S#A#*XL
000134 A3=<{A#RZ+:
000150 A4=S#XL12
000154 AS=CMPLX (A:
000157 AV=A4/ (Al
000217 G(J)Y=CABS ()
000222 PWR(J)=EG*I
000226 TF(PWRTJIY=1
000231 10 PMAX=PWR(J
000233 FM=F o
000235 15 FR(J)=ALOG!:
000241 WRITE(5,21"
000253 F=F#R
000255 90 CONTINUE
000257 WRITE(5,22.
000267 WRITE(5,23,
000273 CALL SETPLI
000302 WRITE(5,23!
000306 CALL SETPLI
) 000315 19 FORMAT (V7R
#7Xy ' FREQUED
000315 20 FORMAT(F15.
000315 21 FORMAT (55Xt
000315 22 FORMAT(//1"
000315 23 FORMAT('7";
000315 sTor
000317 END
PROGRAM LENGTH INCLUDING |

010455

UNUSED COMPILER SPACE

015700

I DAY MAR

It

XL

g L

@ﬁ

A h



ROBERT J. MARKS 11
ENERGY CONVERSION

EE353

FREQUENCY (HZ)

<

11
10

1.00000000E-01
1.09647820E-01

-

co

1.20226443E-01
1.31825674E-01

1.44543977E-01
1.58489319E~01

1.73780083E-01
1.90546072E-01

2.08929613E-01

2.29086765E-01

2.51188643E-01

2,15422870E-01

Nej

P -

—

.

3.01995172E-01
3.31131121E-01

3.63078055E~-01

3,98107171E-01

4.,36515832E-01
4,78630092E-01

5.24807460E-01
5.75439937E-01

6,30957344E~01
6.91830971E-01

7.58577575E-01
8,31763771E~-01

9.,12010839E-01
1.00000000E+00

1.09647820E+400
1.20226443E+00

dnm sl O DA MR WW N NN N e

1.31825674E+00
1.44543977E+00

1.58489319E+00
1.73780083E+00

1.90546072E+00
2.08929613E+00

2.29086765E+00
2.51188643E+00

2.7542287T0E+00
3,01995172E+00

3,31131121E+00

3.63078055E+00

3.98107171E+00
4.36515832E+00

4, 78630092E+00
5.24807460E+00

5.75439937E+00
6.30957344E+00

6.91830971E+00

7.58577575€+00

8.31763771E+00
9.12010839E+00

1.00000000E+01

'1.09647820E+01

1.20226443E+01
1.31825674E+01

FIJ&JAUC’?\H(D

1.44543977E401
1.58489319E+01

" 1.73780083E+01

+ e N = F g N e e e

LR

I
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2.08929613E+01

2.29086765E+01 Lo
2.51188643E+01 1o
2.75422870E+01 1.
3,01995172E+01 1.
3,31131121E+01 1o
3.63078055FE+01 1o
3.98107171E+01 2.
4.36515832E+01 2.
4.78630092E+01 2,
5.24807460E+01 2.
5.75439937E+01 2.
6.30957344E+01 2.
6.91830971E+01 2.
7.58577575E+01 2.
8+3176377T1E+01 2
9.12010839E+01 2.
1.00000000E+02 2.
1.09647820E+02 1.
1.20226443E+02 1.
1.31825674E+02 1.
1.4454397T7E+02 1.
o "1.58489319E+02 1o
1.73780083FE+02 l.
1.90546072E+02 1.
2.08929613E+02 le
2.29086765E+02 1.
2.51188643E+02 1.
2.15422870E+02 1.
3,01995172E+02 9.
3.31131121E+02 9,
3.63078055E+02 8.
3.98107171E+02 T e
4,36515832E+02 T
4,78630092E+02 6,
5.24807460E+02 5.
5.75439937E+02 5,
6.30957344E+02 4,
6.9183097LE+02 4.
7.58577575€E+02 4
8.317637TT7T1E+02 3,
9,12010839E+02 3.
1.00000000E+03 3,

MAXTMUM POWER= 9.99936145¢
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15.07.47. CTIME 000.5
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of charge carriers, 2 layer of positvive charge accumulates on
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accunulates on the other. If an electyon fhoves into the region
between the twe charge layers, it is urged to the right by the
electrico Tield. For an electron on the right te cross the

it must have a large enocugh #wi%%;%y o penetrate the
feot of the field (called & “potenei b@ff%%ﬁ Je

iy

e minimum velocity for,this to ocoyr 1Y the density
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"PROGRAM EE353A(INPUT,0UTPUT,TAPE2=INPUT,TAPES=0UTPUT)

000002 DIMENSION G(1001)4sFR(1001)4PWR(1001)

000002 COMPLEX SsAl1,A2,A3,A4,A5,AV

000002 WRITE(5,19)

000006 READ(2,20)RG

000014 READ(2420)RL

000022 READ(2,20)XLISC

000030 READ{2,20)XL10C

000036 READ(2,20)A i

000044 READ(2,20)EG

000052 READ(2420)F

000060 READ(2,20)D

000066 FM=0.0

000067 PMAX=0.0

000067 R=10.#%(1./25.) .

000075 XL1=XL1SC/2.

000077 XL2=XL1

000077 XL12=XLIOC/A

000102 TPI=8.%#ATAN(1.)

000104 ND=(25,#D)+1.

00GI10 DD 90 J=1,ND o

000114 S=CMPLX(0.04TPI#F)

000117 AT=RGH+RI+S* (XLI+A®XL12) -

000130 A2==S#A%*XL12

000134 A3==(A#R2+S# (XL12+A#XL2))

000150 A4=S#XL12

000154 A5=CMPLX(A*RL40.0)

000157 AV=A4G/ (AL% (1. +A4#A2/ (AL%A5)))

000217 G(J)=CABS({AVY) -

000222 PWR(J)=EG*EG*G(J)*G(J)/RL

000226 IF(PWR(J)Y-PMAX)15,15,10

000231 10 PMAX=PWR(J)

000233 FM=F N

000235 15 FR(J)=ALOGLO(F)

000241 WRITE(5,21)F,G(J)sPWR(J)

000253 F=F#R

000255 90 CONTINUE

000257 WRITE(5,22)PMAX,FM

000267 WRITE(5,23) S

000273 CALL SETPLT(1,FRyGyNDy1HOy11,11HLOG F VS AV)

000302 WRITE(5,23) )

000306 CALL SETPLT(1,FRyPWRyND,lH#,12,12HLOG F VS PWR)

000315 19 FORMAT(YT7ROBERT J. MARKS II'/' ENERGY CONVERSION'/' EE353%///,
#7Xy "FREQUENCY (HZ)',6X,'VOLTAGE GAIN',8X, 'POWER")

000315 20 FORMAT(Fl5.8) S '

000315 21 FORMAT(5XyE15.895X3E15.8,5XyE15.8)

000315 22 FORMAT(//' MAXIMUM POWER=',E15.8, "' WATTS AT ',E15.8,' HZ')

000315 23 FORMAT('7")

000315 U sToR

000317 END

PROGRAM LENGTH

INCLUDING I1/0 BUFFERS

010455

UNUSED COMPILER SPACE

015700

1 OAD MAPR. 121777, 15.07.50. PAGE 1
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U0 N

777777

ROBERT Jeo MARKS 11

ENERG

Y CONVERSION

EE353

FREQUENCY (HZ)

1.00000000E~-01
1.09647820E-01

VOLTAGE GAIN
7.85395257E-05
8.61168130E-05

1.20226443E-01
1.31825674E-01

1.4454397TE-01
1.58489319E-01

1.73780083F-01

1.90546072E-01

- 1.13523696E-04

9.44251227E-05

1.03534976E-04

1.24476063E-04

1.36485032E-04
1.49652524E-04

2.08929613E-01
2.29086765E-01

2.51188643E-01

2.715422870E-01

3.01995172E-01

3.31131121E-01

3.63078055E-01

3,98107171E-01

4 ,36515832E-01
4,78630092E-01

1.64090283E-04
1.79920830E-04

1.97278492E-04

2,16310543E-04

2.37178448E-04

2.60059221E-04

2.85146925E-04
3.12654301E~04

3,42814557E-0¢4

3,75883326E-04

5,24807460E-01
5.75439937E-01

4,12140804E-04
4,51894090E~04

POWER

1.23369142E~05

1.48322109E-05
1.78322076E-05
2.14389826E-05
2.577152592E-05
3.09885805E-05
3.72563281E-05
4,47917558FE-05

5.38512422E~05

6.474301L01E-05
7.78376069E-05
9.35805024E-05
1.,12507232E-04
1.35261597E-04
1.62617538F-04
1.95505424E-04
2.35043641E-04
2.82576550E-04
3.39720085E-04
4,08416537E~04

6.30957344E-01
6.91830971E-01

4,95479737E-04

5.43266541E-04

7.58577575E-01

8.31763771E-01

5.95658581E-04
6,53098522E-04

9.12010839E-01
1.00000000E+00

7.16071219E-04
7.85107617E-04

1.09647820E+00
1.20226443E+400

8.60788983E~04
9.43751473E-04

1.31825674E+00
1.44543977E+00

1.03469105FE-03

1.13436876E-03

4,91000339E-04
5.90277070E-04
7.09618289E-04
8,53075358E-04
1.02551598E-03
1.23278794E-03
1.48191535E-03
1.78133369E-03

2.14117114E-03
2.57358495E-03

1.58489319E+400
1.73780083E+00

1.24361634E~03
1.36334222E-03

1.90546072E+00

2.08929613E£+00

1.49453775E-03
1.63828374E-03

2.29086765E+00

2.51188643E+00

1.79575711E-03
1.96823766E-03

2.75422870E+00
3.,01995172E+00

3.31131121E+400
3.63078055E+00

2.15711462E-03
2.36389280E-03

"~ 2.59019807E-03

2.83778151E-03

3.98107171E+00
4.36515832E+00

3,10852182E-03

3.40442499E-03

4,78630092E+00
5.,24807460E+00

3,72762027E-03

4.08035095E-03

5.75439937E+00Q
6.,30957344E+00

6.91830971E+00

7.58577575E+00

4, 46495844E-03
4,.883857T19E-03

3.09316321E-03
3.71740404E~03
4.46728620E-03
5.36794720E-03
6.44948718E-03
7.74791899E-03
9.30628696E-03
1.11759784E-02

' 1.34182520E-02

1.61060077E-02
1.93258158E-02
2.31802191E-02

" 2.77903057E-02

3,32985277E-02
3.98717077E-02

4,77041220E-02

5.33949809E-03
5.83431711E-03

8.31763771E+00
9.12010839E+00

6.37066551F-03
6.95071786E-03

1.00000000E+01

"1.09647820F+01

7.57635353E~03
8.24900801E-03

1.20226443E+01
1.31825674E+01

8.96949112E-03

9.73777128E-03

1.44543977E+01
1.58489319E+01

1.05527281E-02
1.14118810E-02

5.70204798E-02
6.80785123E-02

"8,11707581E-02

9,66249575E-02

" 1.14802266E-01

1.36092266E-01

- 1.60903542E-01

1.89648379E-01

2.22720142E-01

2.60462055E£-01

1.73780083E+01

m rN = 4 g g ey e g

1.23111066E-02

LY -y 2 4 ™ OO NNy

3,03126694E~01
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13113

2.08929613E+01
2.29086765E+01

2.51188643E+01
2.715422870E401

1.42034892E£~02
1.51779970E-02
1.61550993E-02
1.71198096E-02

3.01995172E+01
3.31131121E+01

1.80552620E-02
1.89432187E-02

3.63078055E+01
3.98107171E+01

1.97647512E-02

2,05010502E~-02

4.36515832E+01
4.78630092E+01

2.11342952E-02
2.16485090E-02

4.03478213E-01
4.60743185E-01
5021974465E~01
5.86175760E-01
6.51984973E-01
717691070E-01

7.81290783E-01

8.40586118E-01

8.93316865E~01

9,37315882E-01

5.24807460E+01
5.75439937E+01

6.30957344E+01
6.91830971E+01

2:22989254E-02

T.58577575E+01
8.31763771E+01

2.17332990E-02

9.12010839E+01
1.00000000E+02

1.09647T820E+02
1.20226443E+02

2.12438191E-02

2.06324889E-02
1.99148355E-02
1.91083866E-02

9., 70670488E-01
9.91871883E-01

'9.99936145E-01

9.94484145E-01

9.75772490E-01
9e44672573E-01

o

'9,02599697E~01

8.51399196E~01

"7.93201345E-01

7.30260879E~01

1.31825674E+02
1.44543977E+02

1.82318285E-02

1.73041326E-02

1.58489319E+02

1. 73780083E+02

1.90546072E+02

2.08929613E+02

1.63437288E~02

1.53677949E-02

1.43917124E-02

1.34287155E~02

2,29086765E+02
2.51188643E+02

2.75422870E+02
3.01995172E+02

3.31131121E+02
3.63078B055E+02

1.24897273E~02
1.15833626E-02

- 1.07160571E-02

9.89228490E-03

9.11482318E-03

8.38503445E~03

3.98107171E+02
4.36515832E+02

7.70314130E-03

7.06847922E-03

4.78630092E+02

5.24807460E+02

6.47971884E~03
5.93505427E-03

5.75439937E+02
6.30957344E+02

5.43235808E-03
4.96930530E~-03

6.91830971E+02
7.58577575E+02

4.54347032E-03
4.15240062E~03

8.31763771E+02
9.12010839E+02

1.00000000E+03

- 3.79367139E-03

3.46492478E~-03

- 3.16389696E-03

MAXIMUM POWER= 9.99936145E-01 WATTS AT

6+.64799140E-01
5.98866008E-01

- 5.34234945E-01

4.,72338239E-01
4,14242773E-01
3.60660799E-01
3.11986578E-01
2.68348579E~01
2.2966T762E-01
1.95714601E-01
1.66160003E~01
1.40617606E~01
1.18676772E-01
9.99267969E-02
8.39735124E-02
7.04497384E-02
5.90210285E-02
4,93879903E-02
4.12862451E-02
3.44848618E-02
2.87838852E-02
2.40114075E-02

2.00204879E-02

6.30957344E+01 HZ

JLNt Y

N1

¥esTh




I 2 B = T S+« ) PRINTED IN U.S.A.

—

N

TN T

. C
A r b Lt b (b o Dt oy | ot o | et g | et | — | L
| | I Oy
i i .
[ [ I
| ! |
| I i
! ,_ ! ! |
I 1 i |
| I { k
I i 1 |
i 1 ,7" ﬁ
! ! &
] I 1 ﬂ.* “
| ] ; - 7
| i i ] |
s _ K <4
1 i i : | |
! ! L v
: ! | |
i | ! | |
_”, I ﬂ. |
| R ;_ ; I | | |
[ | [ i _ ]
i ! | o 1N ” ol |
I | | X ! ,W_O | |
i | ! ! h | ,, , i | , 1N |
+,,T..I,II,IT..II,IIT.. Mo bt [t b | b b | o et | et b | bt et | et o | ot ..l,...;..i..l..T..T...I..I.,;.i.v..:_.l,....wrl...l..T‘.»’a d
r i | , ,m ! , w | “ o , |
R L H | . _ 2
} i ] i i ] , i ; | | | ;
i ? Ll | i W ! | Il , H
i ! ! ¥
i ! I I
] | 1 L >3
i | I I
i | I i
I i e | i N
{ i i A
P | ; !
] ,. ! !
[ i i |
| , I |
i i I
i i M
| i i
[ i i
! R |
1 ] i
! ! b~y
i i i -
! } ] _O
+ITL,IIIIII,IT1WITJII+ L e e N e B I I I R R e o B
I ! { ! | i
| i | i
I i [ [
I N i i
| ! ! I
1 I i |
I ! 1 I
i | I i
! ! i i
i i | [ 1
1 § ! I I
i . | . !
i ! ! [ 1
I o | . !
1 I ; I !
I ] ," ) ]
i f . i
I | I ] [ |
) I | v 1
i | I | [ !
[ | I I IO
I [ i [
i . | : | ] | ; ] L | | : R O
+IIIIIIIIIIWII,IIW+IIIII”IIL.,IT.JII“III..TIIIIII,‘,II,II“III,..,.nY
1 | , | [ ! , | N
! 1 I ! L
| | i [ Y|
I o | ]
[ | ! i [ | i
| | I | | | Wi
_ | K | | . \! |
i IR i | I L ! :
! M ; | [ ¢ | | |
& | K | I | L
- _ Pl .W | H, ! | | W
T | ¥ | o o , S L
I W | i i | M IS L
P , | L m m ! ! | = m |
e | ! ! Wm i ,, S | ! ﬂ,
P , | ] | | i , o |
b " i ﬁ i IS M
I | 1 ] W o
[ ¢ i | § | I >
__ ! b ; S — b
_ ! ! | S |
i I , i | ,“ o L | k
+IIIIIIIIIIIIII+IIIMIIIIIIIIIII.TIIIIIIIIVIIIIII_WO — | |

H 1 i I ¢
™ N * — ‘ ,, o A
o O ‘ o ! , o
® ® " i [
o B LL >0 <t >
M |
€L1EL mHmWJ767 .



000002

000002
000014
000015

000025
000026
000033
000035
000040

0060042
000043

000050
000064
000065
0006066

000070
000072

000075
000075
000076
000106
000112
000113
gooL17
000120

000124
000135
000137
400146

000150
600152
000161
000163
000200
000201
000203
000205
000214
000220
000227
000231
000232
000232
000232

600232

FavavYale B e )

leNe]

PRUGRAM ENCON ( INPUT,0UTPUT,TAPE2=INPUT,TAPE5=0UTPUT)

DIMENSION B{15)yH(15),XL(3515),CUR(3,15),G(3),E(3),CE(3),XCUR(L5),

1XXL(15)

SLL=LENGTH OF SHEET STEEL

CSA=CROSS SECTIONAL AREA
READ(2,10)SSLsCSA, TURNS
BINC=0.1
UO=16#ATAN( Lo ) *(10.%#(=-74))

READING IN VALUES OF Hy, AND CORRESPONDING B READ FROM B-H CURVE

DU 90 N=1,15
READ(2411)H(N)

XN={N-1)

BIN)=XN#*BINC
90 CONTINUE

COMPUTING XL-I RELATION FOR DIFFERENT GAPS
DO 93 J=1,3
READ(2,111)G(J)

INDIVIDUAL RELATIONS OF XL-I
DO 92 K=1,15
XL{JyK)=TURNS#(SA#B(K)
FS=H(K)#SSL
FG=B(K)*G(J) /U0

CUR=CURRENT
CUR(J,yK)=(FS+FG)/TURNS

92 CONTINUE

FINDING CO-ENERGY (CE) AND ENERGY (E) BY TRAPEZOIDAL INTEGRATION

CE(J)=0.0
E(J)=0.0

DO 93 L=1,14
ACE=(CUR(JyL+1)=CUR(J L)) #(XLCJsL+L)I+XL(JoL)) /20
CE(J)=CE(J)+ACE

AE= (XL (JyL+1)=XL(JyL))#(CUR(J,L+1)+CUR(J4L)) /2,
E(J)=E(J)+AE

93 CONTINUE

FCHOING DATA
WRITE(5512)SSLyCSA, TURNS
DO 94 M=1,15
WRITE(5,13)B(M),H(M)

94 CONTINUE
PRINTING RESULTS

DO 95 NN=1,3

CWRITE(5,14)NNyG(NN